Background. There were 35 265 patients receiving renal replacement therapy in Canada at the end of 2007 with 11.0% of patients on peritoneal dialysis (PD) and 48.9% on hemodialysis (HD) and a remaining 40.1% living with a functioning kidney transplant. There are no contemporary studies examining PD survival relative to HD in Canada. The objective was to compare survival outcomes for incident patients starting on PD as compared to HD in Canada. Methods. Using data from the Canadian Organ Replacement Register, the Cox proportional hazards (PH) model was employed to study survival outcomes for patients initiating PD as compared to HD in Canada from 1991 to 2004 with follow-up to 31 December 2007. Comparisons of outcomes were made between three successive calendar periods: 1991-95, 1996-2000 and 2001-04 with the relative risk of death of incident patients calculated using an intent-to-treat (ITT) analysis with proportional and non-PH models using a piecewise exponential survival model to compare adjusted mortality rates. Results. In the ITT analysis, overall survival for the entire study period favored PD in the first 18 months and HD after 36 months. However, for the 2001-04 cohort, survival favored PD for the first 2 years and thereafter PD and HD were similar. Among female patients > 65 years with diabetes, PD had a 27% higher mortality rate. Conclusions. Overall, HD and PD are associated with similar outcomes for end-stage renal disease treatment in Canada.
Introduction
Peritoneal dialysis (PD) is an effective form of renal replacement therapy (RRT) that has been in widespread use since the 1980s. Despite a number of studies that describe PD as conferring similar or superior patient outcomes when compared to hemodialysis (HD), the number of incident PD patients has fallen in the USA and Europe, leaving HD as the prominent modality [1] [2] [3] . In comparison, the incidence of PD in Canada has remained relatively stable over time; however, proportionally, PD as an initial dialysis modality has declined from 37% in 1991 to 18% in 2007 in Canada [4] . PD has emerged as a reliable and effective modality in many other parts of the world including Asia and Central and South America [5] [6] [7] [8] . There were an estimated 35 265 patients receiving RRT in Canada at the end of 2007 with 11.0% of patients on PD and 48.9% on HD. Among 5256 incident patients on dialysis in 2007, 18.1% initiated dialysis on PD [4] . The falling incidence of PD in some developed countries may be due to a variety of causes including (i) historical survival comparisons [9] [10] [11] suggesting PD survival is inferior to HD especially in certain subgroups such as people with diabetes, (ii) changes over time in nephrology fellowship training program content of PD and exposure to varying dialysis practice patterns among nephrologists in HD intensive centers, (iii) changes in patient case-mix with increasing co-morbidity level and prevalence of diabetes mellitus (DM) as well as age among incident patients starting dialysis and (iv) rising availability of HD satellite units allowing delivery of this modality of RRT closer to the patients' homes.
Although assigning patients to a dialysis modality is not a random process, statistical comparisons can attempt to minimize confounding through the use of appropriate statistical models. However, older methods did not always account for incident and prevalent patients, dialysis modality switches or even baseline co-morbidity. Newer statistical methods, especially those using time-dependent covariates allow for more robust survival comparisons but do not replace a head-to-head comparison of a randomized controlled trial in PD versus HD survival. A prior attempt at such a randomized trial failed [12] and it is unlikely that subsequent attempts will occur given that for many patients starting RRT, the important element of patient choice cannot be disregarded especially for those patients who have no contraindications to either modality.
In one Canadian study published > 10 years ago, PD was found to have a significant survival advantage to HD overall [13] . This survival benefit was most prominent in younger patients within the first 2 years of therapy. A subsequent Canadian cohort study showed that among the 822 patients enrolled between March 1993 and November 1994 (with follow-up to 1998) that after adjustment for important covariates, there was no difference in survival between PD and HD [14] . No subsequent contemporary studies have been published regarding PD survival as compared to HD in Canada in the current era.
Despite the knowledge that home dialysis therapies such as PD may provide improved quality of life [15] with potential for reduced cost in Canada [16] ; given secular trends and the changing case-mix of dialysis patients in Canada who tend to be older and carry higher co-morbidity levels, we hypothesized that PD survival, as compared to HD, may have worsened in the study period and in particular during the most contemporary cohort selected. Using data from the Canadian Organ Replacement Register (CORR), we present survival outcomes for incident patients initiating PD as compared to HD in Canada from 1991 to 2004 with follow-up to 31 December 2007.
Materials and methods

Data source
The de-identified data (data set with patient names removed and coded to ensure confidentiality) for all incident dialysis patients over a 17-year period-1991 through 2007-were obtained from the CORR a clinical register of the Canadian Institute for Health Information. CORR is a population-based national registry that includes all reported cases of RRT as well as baseline demographic data (age, gender, location of dialysis centre, self-reported race) and baseline co-morbidities ( presence of diabetes, cardiovascular disease, cerebrovascular disease, pulmonary disease, hypertension, peripheral vascular disease, malignancy, smoking history) in addition to primary renal diagnosis and modality on individual patients at the time of dialysis initiation. All data are collected and submitted by the treatment center. Dates of death, dialysis modality switches, renal transplantation or withdrawal from dialysis are updated annually by the dialysis centers and submitted to the CORR.
Definitions
For an intent-to-treat (ITT) analysis, the dialysis modality 90 days after the first service date was considered to be the initial modality. Thus, patients who died or were censored prior to Day 90 would be excluded from the ITT analysis. For a time-dependent as-treated (AT) analysis, patients were assigned to their initial modality (PD versus HD) based on their first service date and were reclassified to be on a new modality whenever a switch was made. For patients whose last date of follow-up was < 60 days following a change to their modality, the event (death) was attributed to the patient's prior modality. For these analyses, PD and HD patients include patients dialyzed in hospital, community dialysis center (satellite unit) or at home with total self-care or limited self-care. Patients under 18 years of age, having pre-emptive renal transplant or extra-renal transplant were excluded.
Covariates
Hazard ratios (HR) and corresponding 95% confidence intervals (CI) were adjusted for case-mix differences in cohorts, region, age, gender, race, cause of primary renal disease, diabetes and co-morbidity as measured by the Charlson Index [17, 18] .
Statistical analyses
Baseline characteristics of PD and HD patients were compared using Pearson's chi-square tests for categorical variables and the Student's ttest for continuous variables. Patients were followed until the time of transplant, death, loss to follow-up or 31 December 2007, whichever happened first. Proportional hazards (PH) and non-PH models using a piecewise exponential survival model were used to compare case-mix adjusted mortality rates between PD and HD at successive 6-month intervals through the first 60 months [19] [20] [21] . Average or time-independent HR of death for PD compared to HD patients were estimated using a PH model, while time-dependent HR and cumulative hazard ratios (CHR) were estimated with a non-PH model. All analyses were done using the SAS statistical software package version 9.2 (SAS, Inc., Cary, NC); in particular, the GENMOD procedure was used to fit the data using a piecewise exponential survival model (both PH and non-PH) as implemented via interval Poisson regression. As has been demonstrated previously, these results will be nearly identical with those obtained under the Cox model [19] . The advantage of the piecewise exponential survival model over the Cox model is that under the ITT analysis, it can be used to provide an adjusted population-averaged ITT survival curve for PD and HD patients that corresponds directly with the time-dependent CHR obtained from the more realistic and flexible non-PH model.
The primary analysis was carried out using an ITT approach in which death was assigned to a patient's initial treatment modality regardless of a change in therapy during the course of follow-up. A time-dependent AT analysis was also performed in which death was assigned to the modality the patient was on at the time of the event or to the patient's prior modality in those cases where the patient switched from PD to HD or vice versa, within 60 days of dying. In this latter case, any event (i.e. death, transplant or loss to follow-up) that occurred within 60 days following a change in modality was attributed to the prior treatment modality. Actuarial technique survival by modality was calculated for each cohort. Finally, adjusted population-averaged survival curves were computed using an adaptation of the direct-adjusted survival curve approach described by Zhang et al. [22] . Specifically, we computed population-averaged estimates of the adjusted cumulative hazard function which, when exponentiated, yields direct-adjusted survival curve estimates. From these, adjusted median life expectancies were computed using life table methodology [23] . We also compute an adjusted CHR, defined as the ratio of the adjusted cumulative hazard functions for PD versus HD. Under a non-PH model, the CHR is a moving average of the time-specific HR. As such, it provides a measure of the cumulative treatment effect over time for PD versus HD in an ITT analysis. Moreover, 95% CI on the CHR provides a direct test of whether the survival curves between PD and HD are significantly different from one another at a particular moment in time. For example, if the 95% CI on the CHR at 1 year includes the value of 1.0, then this indicates that there is no significant difference in 1-year survival between PD and HD. The estimated CHR under the piecewise exponential non-PH model is similar to that presented by Wei and Schaubel [24] for the Cox non-PH model. It should be noted that neither the adjusted CHR nor the adjusted survival curves may be computed under an AT analysis where treatment modality serves as time-dependent internal covariate [25] . CI and P-values for select subgroup analyses were adjusted for multiple comparisons using Sidak's method [26] . This included examining mortality differences in patients with diabetes over time as calculated through the ITT model. In addition, survival was also calculated under a PH model for diabetes and gender. The study protocol was reviewed and approved by the Institutional Review Board at Queen's University, Kingston, Ontario.
Results
Patient characteristics
There were a total of 46 839 patients who started RRT on PD or HD during the study time period. Of these, 32 531 (69.5%) were incident on HD and 14 308 (30.5%) were incident on PD. Table 1 displays demographic and clinical characteristics of the study patients. The study subjects were more likely to be male and over the age of 65 years.
Patients aged ≥65 years made up 53.5% of the patients initiating dialysis on HD and 42% of those initiating PD during the study period. Patients with diabetes accounted for 40% of patients on HD and 39.2% of those on PD. The majority of study subjects were Caucasian (75.2% on HD and 74.3% on PD).
Overall comparison of outcomes of incident HD and PD patients by cohort period Table 2 displays the adjusted HR under a PH model for the ITT and AT analyses for the entire study population as well as by the three cohort periods, 1991-95, 1996-2000 and 2001-04. These time-independent HR suggest a trend of improving outcomes on PD versus HD as reflected by the lack of an overall difference in the HR for the 2001-04 cohort compared to prior cohort periods. However, a better indication of the differences in the risk of death between PD and HD is presented in Figure 1 wherein the CHR from an ITT analysis is plotted against time for the entire population as well as the three cohort periods. The adjusted CHRs are computed under a non-PH model and, as depicted in Figure 1 , reflect the early survival advantage associated with PD through 2 years of follow-up after which there is a survival advantage associated with HD. As with the time-independent HR shown in Table 2 , the trend in the CHR across the cohort periods suggests that based on the most recent CORR data (i.e. the 2001-04 cohort), patients receiving PD as their initial therapy are associated with better 2-year survival compared to HD after which survival is no longer different between PD and HD patients. These trends are also reflected in the adjusted population-averaged survival curves shown in Figure 2 . Figure 3 displays actuarial technique survival by cohort period and overall for all cohorts for the follow-up period of 60 months. An early separation of technique survival occurs between the two modalities with PD technique survival beginning to fall at 10 months.
Outcome of incident HD and PD patients stratified by age and diabetes status for the ITT and AT models Table 3 displays the adjusted HR from a PH model for the ITT analysis and the AT analyses for the diabetic and nondiabetic subgroups by age group. In the overall ITT model, for the 18-44 years age group without diabetes, there is a 25% lower mortality rate, on average, for PD versus HD (HR = 0.75, CI: 0.57-0.99, P < 0.05). Similarly, in the same group for the AT analysis, there is a 30% lower mortality rate for PD compared to HD (HR = 0.70, CI: 0.53-0.93, P < 0.05). For the 45-64 years nondiabetic subgroup, there was no statistically significant difference between PD and HD survival in the ITT analysis (HR = 0.90, CI: 0.79-1.01), but in the AT analysis of the same subgroup, there was a 15% lower mortality rate, on average, for PD versus HD (HR: 0.85, CI: 0.75-0.96, P < 0.05). For the non-diabetic over 65 years of age subgroup, there were no differences in survival between PD and HD in both the ITT and AT analyses. For patients with diabetes, there was no difference in survival between PD and HD in the 18-44 years age group (HR = 0.99, CI 0.81-1.23. However, for patients with diabetes in both the 45-64 years and the > 65 years age groups, there was an 11 and 19% higher rate of mortality, on average, for PD, respectively, as compared to HD (HR = 1.11, CI: 1.02-1.22, P < 0.05) and (HR = 1.19, CI: 1.11-1.29, P < 0.001). Table 4 displays the adjusted HRs estimated from a PH model for patients with diabetes for both the ITT and AT analyses by gender and age grouping. In the ITT analysis, the 18-64 age group, there was no survival difference between NS, not significant (P > 0.05). *P-value < 0.05, **P-value < 0.001. HD or PD survival for males or females with diabetes. For the AT analysis, there was a 23% increased mortality (P < 0.001) for females with diabetes in this age group. For patients with diabetes in the 65 years and older age groups, there was increased mortality for PD as compared to HD for both males and females in both the ITT and AT analyses. Table 5 displays the overall adjusted HR (PD:HD) under a PH model by diabetes status and gender. For patients without diabetes, there was no difference in survival for PD as compared to HD in both the ITT and AT analyses. In patients with diabetes, significant differences in survival in both males and females were noted in both models. For the ITT and AT models, respectively, males on PD had a 12% overall higher mortality when compared to males on HD and females had a 19 and 33% higher mortality when compared to females with diabetes on HD. Table 6 displays the evolution of mortality differences by gender in patients with diabetes over the selected time periods using the ITT model. For the overall period of 1991-2004, significantly higher mortality was seen in both females (28%) and males (19%) with diabetes on PD as compared to HD. In general, when observing the mortality trends over each successive time period, females with diabetes had higher mortality than males on PD when compared to people with diabetes on HD in that same time period.
Discussion
This is the largest contemporary comparison of survival to date in Canadian RRT patients who began treatment with HD as compared to those who began treatment with PD. Contrary to our hypothesis that overall, survival has worsened for PD as compared to HD in Canada over the study period from 1991 to 2004, we showed that, based on an ITT analysis using a PH model, overall adjusted survival for the most recent cohort (2001-04) remains similar for PD and HD with an average HR of 0.99 (CI: 0.92-1.06). This is in keeping with results from similarly conducted analyses that include historical Canadian survival data [13] and previous results from other countries including the USA and Denmark [27] [28] [29] . Moreover, when we applied an ITT analysis using a non-PH model, our examination of adjusted CHRs comparing PD versus HD over time and by calendar cohort period showed that for the most recent cohort of 2001-04, patients receiving PD were associated with significantly better survival during the first 2 years of dialysis and that long-term survival (3-5 years) was similar for PD and HD patients. Technique survival was also examined for each cohort and overall and, as expected, highlights the significant issue of lower technique survival in PD versus HD. There was a small improvement in technique survival in PD from the 1991 to 1995 cohort as compared to the 2001 to 1004 cohort. We speculate that this may be a reflection of improved catheter and exchange techniques over time. Our examination of incident dialysis patients with diabetes is in keeping with previously published outcomes in the USA [9] [10] [11] . In the current analysis, in patients without diabetes, for all age groups, PD is associated with similar or better survival than HD. For those aged ≥45 years, PD has similar survival as compared to HD in the first 2 years of treatment. After 2 years, the survival advantage switches to HD. Furthermore, we show that the survival advantage of HD increases with increasing age groups in patients with diabetes, with the highest mortality on PD compared with HD seen in female patients with diabetes who are over the age of 65. These incrementally higher mortality rates seen in older female DM patients on PD were not seen to the same degree in older male patients with diabetes. This is in keeping with previous studies from the USA that have shown less favorable outcomes on PD compared with HD in patients with diabetes, ischemic heart disease and congestive heart failure [9] [10] [11] . When overall survival was compared specifically for males and females, mortality was significantly higher for PD in both genders for patients with diabetes. The analysis that compares male and female patients with diabetes in the < 65 and > 65 age groups again highlights that the lower survival of females with diabetes on PD versus HD is highly age dependent. Furthermore, when mortality differences were examined through the ITT model over time specifically for males and females with diabetes, a significant survival disadvantage existed for both female and male patients throughout the follow-up period and for virtually every cohort period except for males in the earliest period 1991-95. Furthermore, we did not observe improvement in outcomes by cohort periods for patients with diabetes that were observed for all patients overall.
Despite differences in previous studies that examined high-risk subgroups, it is noteworthy that our results are similar to a previous large study [27] that examined the interaction of age and diabetic status using United States Renal Data System data and similarly adjusted for cohort effect and found that among the patients with no significant co-morbidity, mortality rates for patients without diabetes were significantly higher for HD compared to PD for all age groups for the calendar period 1995-2000.
Historically, there have been conflicting results published with respect to mortality comparisons between PD and HD. Several previous studies using either large-scale registry data or prospective cohort studies have shown that HD has better outcomes than PD [9] [10] [11] , while others have shown that PD and HD have comparable outcomes [27] [28] [29] [30] . The variation in the findings from all these studies may partly reflect real international differences in patient case-mix, in patterns of modality allocation and in dialysis practices. However, differences in statistical analysis likely also contribute. Registry-based studies vary with regard to inclusion of prevalent versus incident patients, use of 'intent-to-treat' versus 'as-treated' analysis, correction for baseline demographics and co-morbidity, duration of follow-up and approach to modality switching. Key issues that must be considered are the realization that hazards do not stay proportionate with time and the consistent finding that there are interactions between survival by modality and age, co-morbidity and time on dialysis. These issues have been reviewed with respect to the USA (but still carry relevance for Canadian studies) by Vonesh et al. [31] . For example, in the Vonesh et al. comparison, they showed that the overall time-independent adjusted HR comparing PD to HD went from 1.07 (HR = 1.07, CI: 1.04-1.09, P < 0.001) for patients incident in 1995-97 to 1.01 (HR = 1.01, CI: 0.98-1.04, P = not significant) for patients incident from 1998-2000. Their result suggests that improvements in patient survival over time were significantly greater among PD patients compared to HD patients [31] . Accordingly, efforts have made to adjust for these factors in our analysis using techniques such as time-dependent covariate analysis.
It is important to highlight that we also found that there was an improvement in outcomes on PD relative to HD in the 2001-04 as compared to the prior cohorts. This strengthens the argument that differences in survival in previously published studies may, in part, be impacted by an overall trend in improved patient survival on PD compared to HD, especially in young patients and non-diabetic subgroups.
Our study has several limitations. First, the selection of subjects for our analysis is not random and provides associative causality only. The lack of randomization does not allow us to adjust for all forms of potential bias. Second, the use of registry-based data, while providing for large study size and significant amounts of patient data to allow for adjustment of covariates and subgroup analyses, it provides us only with the specific clinical and demographic variables that are collected in CORR. Furthermore, these data elements are not current, but updated annually, and may be subject to error or missing data elements. In general, < 10% of data are missing and the missing data or error in data entry is likely to be non-systematic in nature. Third, mortality may be under reported, and, if so, we cannot determine if the underreporting is random or not. Additionally, the outcome variable is recorded as all causes of death and not renal-specific death. It is not known if the causes of death are evenly distributed in PD and HD patients. Fourth, our study findings may have been confounded by unmeasured laboratory tests, comorbidity or socio-economic factors not captured by CORR. Lastly, our statistical methods did not adjust for the probability of censoring. This lessens our ability to eliminate potential bias as the transplant rate for incident PD patients is higher than HD patients. A higher rate of renal transplantation in PD patients effectively removes healthier subjects from the analysis through censoring for renal transplant. For the purposes of our current analysis, adjusting for the probability of censoring for transplant would have only served to improve PD outcomes further. We believe that our study results are an important and timely contribution to currently available dialysis outcomes that exist in the literature today. These survival outcomes will provide Canadian nephrologists with a large, current, albeit, non-randomized study that should be easily generalized to their patient case-mix.
It is clear that patients who initiate dialysis on PD are, by nature, inherently different from those who initiate RRT on HD. However, our study attempts to adjust for some of these differences by accounting for modality switches. This is an important feature as it is known that most modality switches that occur reflect patient switches from PD to HD, an important issue that has previously not been accounted for in prospective studies.
Lastly, this study should reaffirm that there are survival advantages to PD therapy in many patients especially in the first 1-2 years of dialysis initiation. It also suggests that there may be an advantage to HD initiation at dialysis outset for specific patient subgroups, especially elderly female patients with diabetes. This contemporary look at PD versus HD survival outcomes should not stir further controversy but rather support the notion that PD and HD should be seen as complementary modalities that when selected with the individual patient in mind may result in better patient and technique survival while promoting informed patient modality choice and potential cost savings.
Introduction
Tunnelled haemodialysis catheters (THC) are associated with increased bacteraemia when compared with arteriovenous fistulae [1] . Treatment of haemodialysis catheterrelated bloodstream infections (CR-BSI) has significant financial costs [2] and associated morbidity [3] . Guidelines recommend empirical systemic treatment with vancomycin and an aminoglycoside for suspected CR-BSI, when THC
